ABSTRACT -The objective of this study was to evaluate the putative effects of the use of coffee husk as floor covering on boar semen quality. Sixteen boars were divided into two groups. The first group was held in a conventional system with a compact floor. The second group was kept on a compact floor covered with coffee pods. The experimental period was 60 days. Levels of caffeine and chlorogenic acid in the insemination doses (ID) before and after 96 h of storage at 15 °C and the reproductive performance (litter size and rate of return to estrus) of these doses after their utilization in a standard artificial insemination protocol were evaluated. The ID from the animals kept in pens containing the coffee pods contained 25.4±8.7 µg/mL of caffeine, whereas no significant amounts of chlorogenic acid were detected. Semen from boars housed with coffee husk showed a significant increase in malondialdehyde levels, which indicates a significant increase in cell membrane peroxidation, after 96 h of storage. There were no significant differences in the other evaluated semen quality parameters when analyzed among groups. Likewise, there was no significant influence of coffee hulls on either the rate of return to estrus or the litter size of inseminated females. The use of coffee husks as floor covering worsens the quality of fresh semen and that of insemination doses stored for 96 h but not the quality of semen immediately diluted; therefore, coffee husks may be used only on farms that use semen immediately processed after collection without affecting the reproductive parameters of breeding stock.
Introduction
In recent decades, there has been a considerable increase in the concern for animal welfare, especially in intensive production systems such as swine. In the current intensive pig production system, boars are normally kept in enclosed bays. This type of management can have a direct influence on the animal welfare (Lovedahl et al., 2005 ) and semen quality of boars (Gollenberg et al., 2010) .
In artificial insemination (AI) in swine, cold-diluted semen is usually used until 72 h of storage (Johnson et al., 2000) . After that time, there is a considerable reduction in quality, mainly due to a reactive oxygen species-induced (ROS-induced) overall cell membrane alteration (Ball et al., 2001; Breininger et al., 2005) . Because of this, different metabolite substances have frequently been added to semen extenders in order to counteract the deleterious effects caused by inappropriate functioning of the endogenous boar sperm metabolism (Mendez et al., 2013) .
Coffee husk is a by-product originating from coffee that is often used as organic fertilizer (Pandey et al., 2000) , animal feed (Brand et al., 2001) , and heat source. During the past several years, some compounds in coffee such as caffeine have attracted interest due to their pharmacological properties. Caffeine is present at 1.3% (w:w) of dry matter in natural coffee pods (Yoshida, 2005) and has a stimulating effect on overall sperm metabolism (Louglin and Agarwal, 1992; Chauhan et al., 1998) , increasing the ROS during the storage time.
Another important class of compounds present in coffee grains are chlorogenic acids. Chlorogenic acids are present at 0.6% (w:w) of dry matter in mature coffee grains (Sanchez-González et al., 2005) . These compounds form part of a family of substances with antioxidant properties that are able to neutralize free radicals such as ROS that are formed within cells (Lekse et al., 2001; Ghiuru et al., 2010) . Thus, both caffeine and chlorogenic R. Bras. Zootec., 45(7): [365] [366] [367] [368] [369] [370] [371] 2016 acids can generate profound modifications in boar sperm metabolism and hence, in their fertilizing ability. This is an important consideration because coffee husks are utilized as floor covering for boars in geographical areas of coffee cultivation. Therefore, the main aim of this study was to evaluate the putative influence of coffee husk as floor covering on the semen quality and in vivo reproductive performance of boars used for AI.
Material and Methods
The experiment was conducted between September and November 2013 in the municipality of Oliveira, Minas Gerais, Brazil. All procedures involved in this study were approved by the ethics committee on animal use of Universidade Federal de Lavras, under case no. 008/14. Sixteen breeding pigs of commercial strains (Agroceres, DB, and Genetiporc) of reproductive age between 9 and 30 months, which were trained and adapted to the collection of semen with proven fertility, were used. Animals were housed in individual pens 2.75 m long, 2.10 m wide, and 1.30 m high, enclosed with railings. Boars received 3.0 kg of feed daily for this specific category, divided into two portions given at 08.00 and 14.00 h. Water was provided ad libitum. The pen was cleaned daily for the removal of excreta and wet material.
Animals utilized in the study were divided into two groups. The first group (control) was kept in a conventional system with a compact floor. The second group (coffee group) was kept in a system with a compact floor covered with coffee husk to a thickness of approximately 3.0 to 4.0 cm. Coffee husk coverage was replaced either every four days or when the humidity was considered excessive. The experimental design was completely randomized, with two treatments and eight replicates of one experimental plot represented by two evaluations of each animal. The experimental period was 60 days.
Before the start of the experiment, the semen quality of all of boars utilized was recorded and used as the initial semen quality values in the experimental design. Afterwards, semen from all of the animals was collected once weekly by the gloved hand method with the aid of a fixed dummy in a specially designed collection room. Semen collection was performed in all cases at approximately 9.00 h. Three or four animals were collected daily and the interval between semen collections from each animal was one week. The obtained ejaculates were collected into a graduated jar with a capacity of 500 mL, heated to 37 °C and protected by an isothermal container. Before collection, the foreskin was cleaned by applying manual pressure to the preputial opening and cleaning the area with paper towels. During collection, the gelatinous fraction of the ejaculate was separated through a matched filter on the collection bottle. Only the rich fraction of the ejaculate was used. After collection, ejaculates were sent to the reproduction laboratory of the farm, where the initial assessments of motility, sperm concentration, and intensity of movements were performed. Prior to arrival of the ejaculate at the laboratory, the diluent Beltsville Thawing Solution (BTS ® ; Minitüb ® , Minitub GmbH, Tiefenbach, Germany) was prepared according to the recommendations of the manufacturer and maintained at a temperature of 35 °C in a water bath. After the determination of concentration from the Neubauer chamber, the ejaculate was diluted in the previously warmed BTS ® to a final concentration of 3 × 10 9 sperm/mL. Afterwards, the diluted ejaculate was divided into the appropriate number of 100 mL AI doses, which were then kept at room temperature and protected from light for 90 min before being used for artificial insemination at the farm. All of the material that was used in the seminal assessment and that entered into contact with the semen was warmed to 37 °C in an oven, in a water bath, or on a hot plate. Semen AI doses collected at the start of the experiment and after 60 days were sent on the same day to the laboratory for evaluation and subsequent storage. Finally, the rate of return to estrus and the litter size were evaluated from AI carried out by AI doses obtained from animals after 60 days from the start of the experimental procedure and immediately processed after collection.
Semen quality was evaluated immediately after the arrival of the appropriate AI doses at the laboratory and after 96 h of storage at 15 °C. In each evaluation, an aliquot of 10 mL of the insemination dose was incubated in a water bath at 35 °C. Sperm motility, viability, and acrosome integrity were measured after 5 min, 2 h, and 4 h of incubation. Morphological abnormalities were analyzed only after 5 min of incubation. Furthermore, samples of 1.0 mL were also collected after 2 h of incubation. These samples were immediately centrifuged at 3360 g for 10 min, and the obtained supernatant was immediately frozen and stored at −80 °C until biochemical analysis.
Motility was evaluated through direct visual estimation. For this purpose, three subsamples of 10 µL for each sample were placed on warm glass slides (37 °C). Subsamples were covered with 24 × 24 mm cover slips and motility was examined under a phase contrast microscope (100 x). A total of 10 microscopic fields were assessed in each subsample to determine the percentage of spermatozoa showing rapid motility and the intensity of movement. Spermatic motility was expressed as a percentage of mobile cells, and the intensity of movements was classified on a 0-5 scale with 0 being low intensity and 5, maximum intensity.
Sperm viability was determined by using the Eosinnigrosin staining method (Blom, 1950; Bamba, 1988) . The percentage of acrosome integrity was evaluated through the POPE-Fast Green/Rose Bengal staining technique (Pope, 1991) . Percentages of morphological abnormalities were evaluated without staining and through evaluation in a phase contrast microscope at 1000 x magnification. For this purpose, 300-µL aliquots of semen samples were mixed with the same volume of a 3% formal-citrate solution to fix sperm cells. Finally, the hypo-osmotic swelling test (HOST) was performed following Pérez-Llano et al. (2001) . The proportion of cells with a curled tail in both iso-osomotic and hypo-osmotic solutions was evaluated by using a phase contrast microscope at 1000 x magnification. The same three operators evaluated all samples and a consistent sample handling protocol was used throughout the study. Differences greater than 10% from the mean were considered outliers. In this case, new evaluations were conducted.
At the beginning of the experiment, a 1 mL sample of each ejaculate was taken prior to dilution in commercial extender. These aliquots were immediately centrifuged at 3360 g for 10 min at 37 ºC. The obtained supernatants corresponding to the seminal plasma were then immediately frozen at −80 °C until their utilization for determining both caffeine and chlorogenic acid levels and lipid peroxidation rates.
Both caffeine and chlorogenic acid were quantified following the methodology described by Azevedo et al. (2008) . In the case of caffeine determination in husks, after the extraction of compounds from coffee pods, samples were filtered through a 0.20 µm-pore membrane and injected into an Ultra Efficiency Liquid Chromatography column (UPLC, LC-2010HT, Shimadzu, São Paulo, Brazil). For the chromatographic analysis, a pre-column and C 18 reverse-phase column Shim-pack (Shimadzu, Kyoto -Japan) were used. The isocratic elution was made using methanol:acetic acid:pure water 18.2 MΩ (25:0.5:74.5, v:v:v) as the mobile phase at a flow rate of 1.0 mL min −1 at 30 °C. Concentrations of both caffeine and chlorogenic acid were calculated by comparing the peak area of the sample with the peak area of the standard.
In the case of determination of caffeine and chlorogenic acid in seminal plasma, samples were thawed at −20 o C. Immediately afterwards, samples were filtered through a 0.20 μm-pore membrane and injected into an Ultra Efficiency Liquid Chromatography column (UPLC, LC-2010HT, Shimadzu, São Paulo, Brazil). The subsequent chromatographic analysis was performed by using the same methodology as described above.
Lipid peroxidation of these samples was determined by measuring the concentration of malondialdehyde (MDA) using the QuantiChrom TM TBARS Assay Kit (DTBA -100 -Bioassay Systems, Hayward, USA). Samples were then treated according to the instructions of the manufacturer.
The data were subjected to normality of residuals (Shapiro-Wilk test) and homogeneity of variance (Levene test). In the case of no significance, data were subjected to analysis of covariance for paired data, with the baseline characteristics of the semen used as a covariate. In the case of nonparametric data (sperm motility and intensity of sperm motility), means were compared using the Kruskal-Wallis test. For the percentage of return to estrus, the binomial regression model was used, and analysis of covariance was utilized to assess the total born piglets, taking birth order as a covariate. All statistical analyses were performed using Statistical Program Action 2.4, with α = 0.05.
Results
Results in all cases are expressed as means ± standard deviation. Concentrations of caffeine and chlorogenic acid in the coffee husk used during the experiment were 54.0±11.5 mg/g dry matter (DM) (caffeine) and 45.4±6.9 mg/g DM (chlorogenic acid). Semen samples from animals of the coffee group contained 25.5±8.7 µg/mL caffeine. On the contrary, no detectable amounts of chlorogenic acid were detected. Neither substance was found in the insemination doses of boars from control group.
The presence of coffee husk did not significantly influence either the volume of ejaculates or the semen concentration, but decreased (P<0.01) the sperm motility of fresh semen. However, diluted semen from animals in the coffee group did not show significant changes in overall sperm motility characteristics when compared with control group, either immediately after dilution or after 96 h of storage (Table 1) . Thus, the sperm motility of samples from boars in the coffee group stored immediately after the dilution and incubated for 4 h at 35 ºC was not significantly lower than that of the control group (59.2±12.4% vs. 35.7±27.6% in control group; Table 1 ). A similar lack of significant effects linked to the presence of coffee husk was observed in all of the other semen quality parameters analyzed. Hence, there was no significant difference between control group and coffee group for percentage of viability, abnormalities, acrosome integrity, and HOST at any of the time points analyzed (Table 1) . However, semen samples from the coffee group showed a significant (P<0.01) increase in the MDA content, but only after 96 h of storage (17.1±3.11 µM vs. 13.7±3.2 µM in control group; Table 1 ). Nonetheless, this increase had no significant effect on the overall quality of semen after storage.
Regarding in vivo reproductive parameters, there were no significant differences in either the rate of return to estrus or the litter size between control group and coffee group. Thus, as shown in Table 2 , the percentage of return to estrus after AI was 3.6 in coffee group vs. 1.5% in control group, whereas the total number of newborn piglets was 15.6±3.7 in coffee group vs. 16.4±3.3 in control group.
Discussion
The results presented in this study clearly suggest that the utilization of coffee husk as bedding does not have any deleterious effects on either overall quality or in vivo fertilizing ability of boar semen when animals are kept under these conditions. This lack of any apparent effect on boar semen quality is obvious despite the presence of caffeine in the semen. This presence indicates that boars are actually interacting with the substrate, probably by ingesting the material placed on the floor. In any case, although boars are able to ingest significant amounts of caffeine, this amount is not enough to influence the quality of the ejaculate for artificial insemination. This is important because caffeine can act on semen quality through separate mechanisms, such as metabolic stimulation (Louglin and Agarwal, 1992; Chauhan et al., 1998) , sperm motility activation (Yamaguchi et al., 2013) , and ROS-generating induction during the storage of AI doses (Chatterjee and Gagnon, 2001) . Caffeine is also able to inactivate Mean ± standard deviation. a, b -differences between means in the row with different letters are significant. A, B -differences between means in the column with different letters are significant. * Differences between means obtained immediately after dilution and after storage for 96 h are significant.
phosphodiesterases within the cell (Louglin and Agarwal, 1992; Chauhan et al., 1998) and increase the level of intracellular calcium in viable spermatozoa (Colás et al., 2010) , elevating the concentration of intracellular cAMP. This elevation has a positive effect on glycolysis (Hicks et al., 1972) and motility enhancement and accelerates maturation and sperm capacitation (Morisawa et al., 1983; Tash and Means, 1983) . Nevertheless, none of these effects appears to be present in our experiment, even in the insemination doses stored for longer than 72 h when the effects of caffeine might be more apparent. Additionally, our results were obtained after a time lapse of 60 days. This is the minimum time needed for the generation and subsequent arrival in the ejaculate of an entire mature wave of sperm (Courot et al., 1970) . Thus, our results strongly suggest that coffee husk does not significantly influence boar sperm formation and maturation. The lack of clear effects linked to the presence of caffeine in semen can be explained by the substrate concentrations obtained from seminal plasma. Our results indicate that seminal plasma caffeine levels are in the µM range. In this respect, Coscione et al. (2001) observed that concentrations of caffeine ranging from 2.5 to 7.5 mM were insufficient to influence the strength and motility of sperm. In fact, Niwa and Ohgada (1988) found that caffeine is only capable of increasing sperm motility, especially in lowerquality ejaculates at concentrations of 10 mM. In a similar way, Yeste et al. (2008) found no differences regarding the preservation of semen cooled for 48 h when 8.0 mM caffeine were added to the semen; however, differences were observed after 72 h of storage. In any case, the reported effects of caffeine on sperm function are induced at concentrations approaching 10 mM. This concentration is much greater than the approximate 100 µM obtained in our study. Therefore, a logical supposition would be that the caffeine concentrations reached in the seminal plasma of boars kept in a coffee husk-bed system are not enough to affect the overall semen quality of the animals.
Although chlorogenic acids are present in the coffee husk, we were not able to detect these compounds in the seminal plasma of animals kept in a coffee husk-bed system. This is important, since chlorogenic acids have antioxidant proprieties that are capable of neutralizing free radicals formed within cells due to their redox properties and antiperoxidative membrane (Lekse et al., 2001; Basile et al., 2005; Ghiuru et al., 2010) . These characteristics could assist in reducing the oxidative stress in swine sperm, especially when the sperm is stored at 15 o C. Furthermore, ROS at physiological concentrations induce early sperm capacitation, the acrosome reaction, and tyrosine phosphorylation in different species, including swine (Awda et al., 2009) , reducing the quality of insemination doses (O'Flaherty et al., 1997) . In this way, the presence of chlorogenic acids could act to improve the resistance of boar sperm to ROS; further investigations regarding the possibility of adding chlorogenic acids to coffee husk beds in order to improve the overall quality of boar semen could be assessed. In the present study, although the sperm motility after dilution did not differ significantly between the experimental groups, the data variation observed in the coffee group after 4 h of incubation (standard deviation = 12.4%) was numerically smaller than the change observed in control group (standard deviation = 27.6%), suggesting greater stability in the semen quality in the group of animals that were kept in the coffee husk.
The absence of significant differences in the quality of semen would explain the similar results obtained for the rate of return to estrus and the litter size of females inseminated with semen from animals that were kept in stalls that did or did not contain coffee husk as floor covering. Thus, our results clearly indicate that the in vivo fertilizing ability of boars kept under coffee husk-bed conditions remains intact when compared with animals kept on standard beds. This is a very important assertion when considering the possibility of utilizing coffee husk as feasible bedding on farms located in geographical areas in which coffee farmlands are abundant. The utilization of coffee husk in these areas would have an important economic impact on pig production through a significant reduction in economic costs. In this way, the introduction of coffee husk beds could aid in achieving a significant improvement in the economic results of pig farming in areas in which production is penalized by high production costs.
Conclusions
The use of coffee husks as floor covering worsens the quality of fresh semen and that of insemination doses stored for 96 h but not the quality of semen immediately diluted; therefore, coffee husks may be used only on farms that use semen immediately processed after collection without affecting the reproductive parameters of breeding stock. Caffeine can be measured in the semen, but chlorogenic acids with antioxidant proprieties cannot be detected.
